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Abstract
Purpose Groin herniorrhaphy is the most common opera-
tion performed by general surgeons. Annually, more than
20 million groin hernias are repaired worldwide. The gen-
eral approach towards groin hernias is surgical repair
regardless of the presence of symptoms. The rationale to
recommend surgery for asymptomatic groin hernias is pre-
vention of visceral strangulation. The goal of this review is
to evaluate the appropriateness of surgery in patients with
asymptomatic groin hernias.
Methods The review was based on an extensive literature
search of Pubmed, Medline and the Cochrane Library.
Results The risk of incarceration is approximately 4 per
1,000 patients with a groin hernia per year. Risk factors for
incarceration are age above 60 years, femoral hernia site
and duration of signs less than 3 months. Morbidity and
mortality rates of emergency groin hernia repair are higher
in patients who are older than 49 years, have a delay
between onset of symptoms and surgery of more than 12 h,
have a femoral hernia, have nonviable bowel and have an
ASA-class of 3 or 4. The recurrence rate after tension-free
mesh repair in the management of emergency groin hernias
is comparable to that of elective repair. There is no diVer-
ence in pain and quality of life after elective repair
compared to watchful waiting. There is no advantage in
cost-eVectiveness of elective repair compared to watchful
waiting.
Conclusion Watchful waiting for asymptomatic groin her-
nias is a safe and cost-eVective modality in patients who are
under 50 years old, have an ASA class of 1 or 2, an inguinal
hernia, and a duration of signs of more than 3 months.
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Introduction
Groin herniorrhaphy is the most common operation per-
formed by general surgeons. Annually, over 20 million
groin hernias are repaired worldwide [1]. In the United
States, 800,000 groin hernia repairs were performed in
2003 [2]. Groin hernia repairs account for 10–15% of all
general surgical procedures [2].
The general policy towards groin hernias is surgical
repair regardless of the presence of symptoms. The ratio-
nale to recommend surgery for asymptomatic groin hernias
is to prevent visceral incarceration and subsequently ische-
mia (strangulation). There is a low threshold to propose
surgery in patients with groin hernias because the repair is
considered safe and eVective, and is associated with a low
morbidity. However, little is known about the natural his-
tory of untreated groin hernias, and morbidity of groin her-
nia repair appears underestimated [3]. The goal of this
study was to review outcomes of surgical and conservative
approaches in patients with a groin hernia, and to determine
the appropriateness of surgery in patients with an asymp-
tomatic or minimal groin hernia.
Methods
This systematic review was based on an extensive literature
search of Pubmed, Medline and the Cochrane Library. The
B. van den Heuvel (&) · B. J. Dwars
Slotervaartziekenhuis, Louwesweg 6, 
1066 EC Amsterdam, The Netherlands
e-mail: baukjevdh@yahoo.com
D. R. Klassen · H. J. Bonjer
QE II Health Sciences Center, 
Dalhousie University, Halifax, BC, Canada123
252 Hernia (2011) 15:251–259following query was used to identify relevant articles:
(hernia AND inguin*) AND (incarcerat* OR strangulat*
OR incident* OR risk OR asymp* OR (watchful* AND
wait*)).
Relevant articles were Wrst selected by title and then con-
Wrmed by reading the corresponding abstracts. Missing arti-
cles were identiWed by hand searches of the reference list of
the leading articles and from articles brought to the atten-
tion by experts. All articles were analyzed by one reviewer.
DeWnitions of incarceration and strangulation vary
widely. The following deWnitions are used throughout this
review: an incarcerated hernia is an irreducible hernia and a
strangulated hernia is an irreducible hernia with signs of
visceral ischemia or gangrene. The term “emergency her-
nia” refers to hernias that require emergency repair, includ-
ing both incarcerated and strangulated hernias.
Incidence
The incidence of groin hernias in adults increases with age
[4]. It is estimated that the incidence of groin hernias is 0.7
per 1,000 per year between the age of 45–64 years rising to
1.5 per 1,000 per year over the age of 75 [5]. Some reports
suggest that the incidence of groin hernias increases six-
fold during lifetime in males [6]. In a large epidemiologic
study in the Oxford region, 1.3 per 1,000 people per year
were admitted for herniorrhaphy [7]. In Sweden, a similar
incidence of 1.8 per 1,000 people per year was found [8].
The two most common types of groin hernias are ingui-
nal and femoral hernias. Femoral hernias account for less
than 10% of all groin hernias, while 30–50% of these her-
nias present as emergencies due to incarceration or strangu-
lation [5, 8–13]. Inguinal hernias are 9–12 times more
common in men than in women, whereas femoral hernias
are 4 times more common in women [4, 7–9]. Strangulated
inguinal hernias are more common in males and strangu-
lated femoral hernias are more common in females [14].
The presenting symptom of a groin hernia in two-thirds
of all patients is either discomfort or pain in the groin [15].
One-third of all patients is asymptomatic at presentation
and presents with the sign of a non-tender bulge in the
groin. When a groin hernia cannot be diagnosed by physi-
cal examination, imaging is indicated. Ultrasonography
reveals groin hernias at sensitivity and speciWcity rates
greater than 90% [16]. MRI is most commonly employed in
diVerentiating the causes of groin pain in the absence of a
hernia [1].
Morbidity and mortality of elective groin hernia repair
The most common short-term complications after groin
hernia surgery are pain, hematoma, seroma and wound
infection. The most common long-term complication is
chronic pain in the groin and recurrence of the hernia. The
short-term morbidity rates reported in the literature are
shown in Table 1. The average morbidity rate of groin her-
nias is 8%.
Chronic pain is generally deWned as pain or discomfort
lasting longer than 3 months after surgery [17]. The inci-
dence of chronic pain after hernia repair reported in the
Table 1 Type, morbidity and mortality in elective groin hernia repair
a Total percentage of numbers published (28,560/30,555)
b Total percentage of numbers published (826/30,555)
c Total morbidity rate of numbers published (1,226/15,388)
Study N Inguinal hernia Femoral hernia Morbidity Mortality
Palumbo et al. 1954 [26] 604 36 (5.9%) 1 (0.1%)
Williams et al. 1966 [40] 222 222 (100%) 0 (0.0%) 59 (27%) 4 (2%)
Ponka et al. 1974 [12] 200 140 (70%) 60 (30%) 75 (38%) 1 (0.5%)
Tingwald et al. 1982 [39] 44 43 (98%) 1 (2%) 8 (18%) 0 (0.0%)
Nehme 1983 [52] 1,044 273 (26%) 14 (1%)
Allen et al. 1987 [53] 51 49 (96%) 2 (4%) 0 (0.0%)
Lichtenstein 1987 [25] 6,321 6,125 (94%) 196 (3%) 331 (5%) 2 (0.04%)
Lewis et al. 1989 [34] 97 21 (21.6%) 0 (0.0%)
Oishi et al. 1991 [13] 1,777 1,758 (99%) 19 (1%) 116 (6.5%) 0 (0.0%)
Primatesta et al. 1996 [7] 27,937 366 (1.3%)
Nilsson et al. 1997 [8] 4,879 4,137 (85%) 173 (3.5%) 286 (6%) 3 (0.07%)
Haapaniemi et al. 1999 [54] 17,061 16,086 (94%) 375 (6%) 24 (0.1%)
Bay-Nielsen et al. 2001 [21] 25,148 55 (0.2%)
Ohana et al. 2004 [38] 200 21 (10.5%) 0 (0.0%)
Total 85,585 28,560 (93%)a 826 (2.7%)b 1,226 (8.0%)c 470 (0.5%)123
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techniques being used and to a large variability in the
description of pain [18]. Chronic pain after suture repair
was reported by Cunningham et al. [19], with 63% of the
patients having pain in the groin area after 1 year, decreas-
ing to 54% after 2 years. The incidence of chronic pain
after open tension-free mesh and laparoscopic repair is
lower but still considerable. These rates in literature after
open tension-free mesh repair vary from 13 to 37% [20–23].
The incidence of chronic pain after laparoscopic repair is
similar and varies from 10 to 30% [20–23]. A recent multi-
center randomized controlled trial by Eklund et al. [17]
compared the incidence of chronic pain after both open ten-
sion-free mesh (Lichtenstein) and laparoscopic (TEP)
repair. A total of 1,370 patients were included and random-
ized. After 5 years, 9% of the patients reported any kind of
pain after laparoscopic repair versus 19% after Lichtenstein
repair. The percentage of patients that reported pain inter-
fering with daily activities was 2% after TEP repair versus
3.5% after Lichtenstein repair. A similar study by Lange-
veld et al. [24] also compared TEP and Lichtenstein repair.
After 1 year, 25% of the patients reported postoperative
pain after TEP repair compared to 29% after Lichtenstein
repair. These rates are higher than those reported by Eklund
and colleagues, but it is not clear whether these patients
were impaired in their daily activities. These results show
the diYculty in interpreting postoperative pain rates and
comparing them. A universal approach to assessing chronic
pain after herniorrhaphy was proposed by Kehlet et al. [17]
and should be implemented to interpret incidences of
chronic pain and to compare results.
Recurrence rates after herniorrhaphy depend mostly on
the surgical technique used for repair. Recurrence rates
after suture repair have been reported as high as 62% [4, 25,
26]. When Lichtenstein introduced the open tension-free
mesh repair in the 1970s, recurrence rates were greatly
reduced to 0–10% [25, 27–30]. In the early 1990s, laparo-
scopic techniques using a tension-free mesh were devel-
oped for groin hernia repair. The recurrence rates after
laparoscopic repair are comparable to those after open ten-
sion-free mesh repair, and range between 2 and 4% [20, 22,
24, 31].
The mortality rate after elective groin hernia repair is
low. The causes of death in elective groin hernia repair are
mostly cardiovascular, advanced cancer, sepsis and pulmo-
nary diseases. Table 1 provides an overview of mortality
rates found in the literature; these average 0.5%. Nilsson
et al. [32] studied mortality rates after elective groin hernia
repair in a time period of 13 years in Sweden. These rates
were deWned in a standardized mortality ratio (SMR), com-
paring observed deaths of operated patients to expected
deaths considering the age and gender of the population in
Sweden. They found that the mortality rate after elective
groin hernia repair does not transcend the expected mortal-
ity, implying that elective groin hernia repair is a safe and
low-risk operation.
Risk of incarceration and strangulation
Accurate determination of the actual risk of incarceration
and strangulation of a groin hernia is complex because of a
paucity of studies on the actual incidence of these events.
An indirect parameter of incarceration and strangulation is
the rate of emergency groin hernia repair, assuming that
emergency repairs are done in patients with either incarcer-
ated or strangulated groin hernias. Table 2 summarizes
emergency ratios reported in the literature. Almost 7% of
all hernia repairs are emergency repairs.
In Columbia, an epidemiologic study was done to assess
the incidence of incarceration and strangulation [6]. A ran-
dom stratiWed sample was taken of the civilian population
to assess the prevalence of groin hernias. Regionally, all
emergency repairs were observed during a 5-year period.
The number of emergency repairs was divided by the prev-
alence of groin hernias to provide an estimation of the inci-
dence of incarceration and strangulation. The overall risk of
incarceration and strangulation was 3.6 per 1,000 male
adults and 5.4 per 1,000 female adults with a groin hernia
per year.
Several risk factors have been identiWed that may predict
incarceration and strangulation. Acknowledgement of these
Table 2 Emergency groin hernia repairs
a Total number of groin hernia repairs
Study Na Emergency repair
Williams et al. 1966 [40] 270 48 (18%)
KauVman et al. 1970 [42] 966 102 (10.5%)
Palumbo et al. 1971 [4] 3,572 86 (2.4%)
Ponka et al. 1974 [12] 200 34 (17%)
Tingwald et al. 1982 [39] 62 18 (29%)
Nehme 1983 [42] 1,279 235 (18%)
Lewis et al. 1989 [34] 116 19 (16%)
Gallegos et al. 1991 [11] 476 34 (7%)
Oishi et al. 1991 [13] 1,859 82 (4.4%)
Primatesta et al. 1996 [7] 30,675 2,738 (9%)
Nilsson et al. 1997 [8] 4,879 284 (6%)
Nilsson et al. 1998 [55] 12,542 719 (6%)
Haapaniemie et al. 1999 [54] 18,170 1,109 (6.1%)
Hair et al. 2000 [56] 5,506 294 (5%)
Bay-Nielsen et al. 2001 [21] 26,304 1,156 (4%)
Kulah et al. 2001 [14] 3,010 385(13%)
Malek et al. 2004 [3] 532 38 (7.1%)
Ohana et al. 2004 [38] 2,331 67 (2.9%)
Total 1,03,537 7,448 (6.6%)123
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low-risk group, and to decide for which patient elective
repair is desirable and which patient can be treated conser-
vatively. Many diVerent risk factors for incarceration and
strangulation have been analyzed in the literature.
Femoral hernias incarcerate and strangulate signiWcantly
more frequently than inguinal hernias [8, 12–14, 33].
Table 3 summarizes details and outcomes of emergency
groin hernia repair, including hernia site. An eight-fold
increase in the ratio of femoral hernias in emergency repair
(22% in emergency repair vs. 2.7% in elective repairs) is
observed. With older age, the risk of incarceration and
strangulation increases for both genders [7, 14, 34]. Brasso
et al. [35] found a peak incidence in the age group of
61–80 years, and McEntee et al. [36] found a peak incidence
in the age group of 70–80 years. The cumulative probability
of incarceration and strangulation increases over time;
3 months after the onset of signs of an inguinal hernia, the
cumulative probability of incarceration and strangulation is
2.8%. This percentage rises to 4.5% after 2 years. For fem-
oral hernias, the cumulative probability is much higher:
22% at 3 months and 45% at 21 months [11]. The cumula-
tive probability increases most in the Wrst period after the
onset of signs of a groin hernia. Two-thirds of patients that
present with an emergency hernia have had their groin her-
nia for less or equal to 1 year [10]. In the elective group,
two-thirds of patients had their hernia for longer than
1 year.
In conclusion, risk factors for incarceration or strangula-
tion are age, hernia site and duration of signs.
Morbidity and mortality of emergency groin hernia repair
Emergency groin hernia repair is associated with higher
morbidity and mortality rates than elective groin hernia
repair [8, 11, 13, 34, 37, 38]. An overview of these rates
Table 3 Mean age, hernia type, morbidity and mortality in emergency groin hernia repair
a Total percentage of numbers published (1,868/2,743)
b Total percentage of numbers published (600/2,743)
c Total morbidity rate of numbers published (424/1,330)
d Total mortality rate of numbers published (424/7,370)
e Total rate of bowel resections based on numbers published (259/1,797)
Study N Mean age Inguinal hernia Femoral hernia Morbidity Mortality Bowel resection
Williams et al. 1966 [40] 48 >60 48 (100%) 0 (0.0%) 25 (52%) 6 (13%)
KauVman et al. 1970 [42] 102 102 (100%) 0 (0.0%) 10 (10%)
Andrews 1981 [9] 190 68 82 72 19 (11%)
Tingwald et al. 1982 [39] 18 76.9 15 (83%) 3 (17%) 10 (56%) 4 (22%) 2 (11%)
Nehme 1983 [52] 235 >65 131 (56%) 18 (8%) 26 (11%)
Allen et al. 1987 [53] 64 76 46 (72%) 18 (28%) 4 (7%)
McEntee et al. 1987 [36] 48 4 (9%) 13 (27%)
Lewis et al. 1989 [34] 19 78.6 11 (58%) 2 (10%)
Brasso et al. 1989 [35] 114 87 (76%) 27 (24%) 3 (3%) 13 (11%)
Oishi et al. 1991 [13] 82 50.3 67 (82%) 15 (18%) 17 (21%) 5 (6.1%) 25 (30%)
Gallegos et al. 1991 [11] 34 65.5 22 (65%) 12 (35%) 6 (18%)
Askew et al. 1992 [57] 54 13 (24%) 29 (54%) 2 (4%) 15 (28%)
Primatesta et al. 1996 [7] 2,738 58 175 (6.4%)
Nilsson et al. 1997 [8] 284 10 (3.5%) 19 (6.7%)
Rai et al. 1998 [10] 181 11 (6%)
Haapaniemi et al. 1999 [54] 1,109 905 (82%) 204 (18%) 34 (3.1%)
Kulah et al. 2001 [37] 189 72.1 108 (57%) 42 (22%) 48 (25%) 10 (5%) 36 (19%)
Bay-Nielsen et al. 2001 [21] 1,156 73 81 (7%)
Kulah et al. 2001 [14] 385 55.1 222 (58%) 69 (18%) 75 (19.5%) 11 (2.9%) 53 (14%)
Kurt et al. 2003 [41] 102 53 62 (60.8%) 13 (12.8%) 17 (17%) 2 (1%) 16 (15.7%)
Alvarez et al. 2004 [33] 147 70 70 (48%) 77 (52%) 61 (41.5%) 5 (3.4%) 19 (12.9%)
Malek 2004 [3] 38 76 19 (50%) 19 (50%) 13 (34%) 4 (11%) 13 (34%)
Ohana et al. 2004 [38] 67 69.1 16 (23.9%) 4 (6.0%) 3 (4.5%)
Total 7,404 1,868 (68%)a 600 (22%)b 424 (32%)c 424 (5.8%)d 259 (14%)e123
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average morbidity rate is 32% and the average mortality
rate is 5.8%, compared to 8 and 0.5%, respectively, for
elective repair.
In Sweden, Nilsson et al. [32] studied the mortality rates
after emergency groin hernia repair using the standardized
mortality ratio (SMR). The observed deaths after emer-
gency groin hernia repair transcends the expected deaths
signiWcantly when the age of the patient is above 49 years,
when the patient has an ASA class above 2, in the case of a
femoral hernia, and when bowel resection was required
during surgery. These result are conWrmed by other studies
[14, 35, 37, 39, 40].
Table 3 shows that 14% of all emergency hernias con-
tain necrotic bowel, necessitating bowel resection. Bowel
resections are more common in patients above the age of
65 years, late hospitalization, coexisting diseases and femo-
ral hernias [3, 9, 12–14, 33, 35, 37, 41, 42]. The morbidity
and mortality rate after emergency hernia repair necessitat-
ing bowel resection is signiWcantly higher compared to no
bowel resection [14]. Bekoe [43] related the presence of
nonviable bowels in strangulated hernias to duration of
symptoms. The incidence of nonviable bowels requiring
bowel resection increases 15-fold within 24 h, rising from
3% when duration of symptoms was less than 12 h to 50%
when duration of symptoms was over 24 h. Andrews [7]
showed that late hospitalization in general correlates with
higher morbidity and mortality rates after emergency groin
hernia repair. A mortality rate of 1% was found when
patients were hospitalized within the Wrst 24 h after onset of
symptoms, increasing to 21% after a delay of more than
47 h.
In conclusion, age over 49 years, late hospitalization,
femoral hernia site, nonviable bowel and ASA-class above
2 increase the morbidity and mortality rate after emergency
repair signiWcantly.
Recurrence rate after emergency groin hernia repair
DiVerent techniques are used in cases of emergency hernia
[35]. The use of a prosthetic mesh in emergency repair is
presumed to lead to mesh-related complications such as an
increased risk of infection [44, 45]. Recent studies have
shown that the use of a tension-free mesh in emergency
groin hernia repair is not associated with higher morbidity
rates. Elsebae et al. [44] compared tension-free mesh repair
to the Bassini repair in emergency groin hernias in a ran-
domized controlled trial. Patients with preoperative perito-
nitis, an inXammatory hernia and ischemic necrosis
necessitating bowel resection were excluded from the
study. Postoperative complication rates did not diVer
between the two groups. During follow-up of 22 months,
no recurrence was observed in the tension-free mesh group
compared to three recurrences in the Bassini group
(P < 0.001). Bessa et al. [45] compared the use of mesh in
elective and emergency groin hernia repair. Twenty-Wve
patients with a mean age of 60 years, and ASA class 1 or 2,
presented with an emergency groin hernia. All emergency
hernias were repaired with a tension-free mesh according to
Lichtenstein. The results were compared to a matching
group of 25 patients who underwent elective tension-free
mesh hernia repair. Results show that the tension-free mesh
repair in the management of emergency groin hernias is not
associated with a higher rate of complications, including
recurrence rate, compared to its use in the elective setting.
Watchful waiting
In 2006, two randomized controlled trials about watchful
waiting versus elective repair in asymptomatic inguinal
hernias were published. Fitzgibbons et al. [46] randomized
720 patients to either a tension-free mesh repair group or a
watchful waiting group. The main outcomes were pain and
discomfort interfering with usual activities measured in the
physical component score of the Short Form-36, Version 2.
After 2 years, both groups reported less pain than at base-
line. The amount of change from baseline in pain while at
rest, during normal activities, and during work or exercise
did not diVer between the groups. The reduction in percep-
tion of pain unpleasantness was signiWcantly greater for
patients in the surgical repair group. The mean follow-up
was 3.2 years. During follow-up, two cases (0.6%) of incar-
ceration were observed in the watchful waiting group,
resulting in an accident rate of 1.8 per 1,000 patients per
year. Twenty-three percent of the patients assigned to the
watchful waiting group did receive surgical repair within
2 years, mostly because of increasing pain and discomfort.
Seventeen percent of the patients assigned to the surgery
group did not undergo surgical repair in 2 years, with no
reason given in the majority of cases.
Stroupe et al. [47] assessed costs, quality-adjusted life-
years (QALY) and cost-eVectiveness at 2-years follow-up
of the same group of subjects as the above-mentioned trial
of Fitzgibbons et al. [46]. QALY incorporates health-
related quality of life and medical outcomes into a single
measure [47]. The average direct costs for the surgical
repair group were signiWcant higher than the watchful wait-
ing group with a diVerence of US $1,831 ($7,875 vs.
$6,044). The patients in the surgical repair group had a
0.031 higher mean QALY than the patients in the watchful
waiting group. The incremental cost-eVectiveness ratio,
which refers to the cost per additional QALY was
US $59,065/QALY. A cost per QALY of approximately
US $50,000 is generally viewed as a reasonable cutoV for
public funding of a medical procedure in the United States
[48].123
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asymptomatic or minimally symptomatic inguinal hernia to
elective tension-free mesh repair or to observation. The pri-
mary outcome was pain at rest and movement measured by
the use of the 100 mm visual analogue pain score (VAS),
and general health status measured by the Short Form-36
(SF-36) at 12 months. At 12 months, no signiWcant diVer-
ences were found between both groups with regards to pain
at rest or at movement. General health status increased for
both the surgical and the observational arm over 12 months.
The general health status in the surgical arm increased sig-
niWcantly more compared to the observational arm. Despite
improvement in general health in the surgical arm, no sig-
niWcant diVerence in QALY was found at 12 months.
Another outcome measured was cost to the Health Service.
Results show a diVerence in direct cost of £402 per patient
for the operation group compared to the observation group.
One case of incarcerated hernia (1.3%) was observed in the
wait-and-see group during follow-up of 12 months. At
12 months, 19% of the patients in the observational arm
crossed over to surgery, mostly due to increase of pain.
Summarizing, both studies compared surgical repair to
watchful waiting in the treatment of inguinal hernias.
Fitzgibbons showed that both groups reported less pain
after 2 years than at baseline. The reduction in perception
of pain unpleasantness was signiWcantly greater for patients
in the surgical repair group. During follow-up, two cases
(0.6%) of incarceration were observed in the watchful waiting
group. O’Dwyer showed no diVerences between the two
groups in pain at rest or at movement at 12 months follow-
up. There also was no diVerence in QALY at 12 months.
One case of acute hernia was observed (1.3%) during
follow-up.
Discussion
In this review of more than 10,000 patients we have criti-
cally appraised the appropriateness of surgery in patients
with asymptomatic groin hernia repair. The rationale of
repairing all groin hernias surgically, including asymptom-
atic hernias, is the possible risk of incarceration and stran-
gulation. Surprisingly, how high this risk actually is
remains unknown. An indirect parameter of this risk is the
rate of emergency groin hernia repair, considering that
emergency repairs are done in patients with either incarcer-
ated or strangulated groin hernias. Multiple observational
studies estimated this rate, Wnding an average of 7% of all
groin hernia repairs as emergency repairs (see Table 2).
Two recent randomized controlled studies by Fitzgibbons
et al. and O’Dwyer et al. reported on the risk of incarcera-
tion in asymptomatic hernias [46, 49]. In both trials,
patients with an asymptomatic inguinal hernia were
randomized to either watchful waiting or elective repair.
The incidence of incarceration in the watchful waiting
group was 1.8 and 6.25 per 1,000 patients per year, respec-
tively. These rates do not correspond with the average
emergency rate of 7%. An explanation for this diVerence
can be that a considerable number of patients with a groin
hernia do not consult a physician and do not undergo elec-
tive repair, resulting in a larger elective/emergency ratio.
Recalling, the rationale of repairing all groin hernias surgi-
cally is the possible risk of incarceration and strangulation.
This risk, due to the lack of evidence, has been overesti-
mated and corresponds most likely to the rates reported by
Fitzgibbons et al. and O’Dwyer et al. [46, 49].
The risk of incarceration and strangulation is increased
by age over 60 years, femoral hernia site and short duration
of signs. When a groin hernia does incarcerate or strangu-
late and emergency repair is required, the morbidity and
mortality rates are higher compared to elective repair in so-
called high-risk patients. Risk factors for increased morbid-
ity and mortality are age above 49 years, delay between
onset of symptoms and surgery greater than 12 h, femoral
hernia site, nonviable bowel and ASA-class 3 and 4. There-
fore, an elective repair should be recommended to patients
with an increased risk of incarceration and strangulation
and to patients who are at risk for increased morbidity and
mortality after emergency repair.
DiVerent techniques are used during emergency repair.
In low risk patients, tension-free mesh repair is a safe
procedure [44, 45]. This technique is not associated with
mesh-related complications, such as infections or increased
recurrence rates compared to the use in elective setting. The
long-term cure of a groin hernia repaired in an emergency
setting is not inferior to elective repair in low-risk patients.
In high risk patients, it is unclear which technique should
be used during emergency groin hernia repair, and whether
the use of mesh is contraindicated. More research should be
done for future recommendations.
Elective groin hernia repair is considered a safe proce-
dure. The short-term morbidity, the recurrence rate and the
mortality rate are low. Nevertheless, over the past decade,
reports have indicated high incidences of chronic pain after
tension-free mesh hernia repair, ranging from 2 to 37%
[17, 20–24]. An inconsistency is observed, since these rates
exceed the morbidity rates of 8% after elective groin hernia
repair mentioned earlier (see Table 1). An explanation for
this discrepancy and wide variety might be the lack of con-
sensus about the deWnition of pain, the lack of assessment
of chronic pain, or the lack of reporting chronic pain. Fitz-
gibbons et al. and O’Dwyer et al. both assessed pain in the
surgical repair and in the watchful waiting group. Fitzgib-
bons showed that both groups reported less pain after
2 years compared to baseline [46]. O’Dwyer found that at
12 months there were no signiWcant diVerence between123
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[49]. Summarizing the two studies, results are indiVerent
towards surgical repair or watchful waiting in the treatment
of an asymptomatic or minimal symptomatic groin hernia
with regards to pain.
Fitzgibbons et al. [46] also assessed quality-of-life by
means of the SF-36 and found a reduction in perception of
pain unpleasantness for both groups. This reduction was
signiWcantly greater for patients in the surgical repair
group. O’Dwyer et al. [49] found that general health status,
one of the eight health concepts of the SF-36, increased for
both the surgical and the observational arm over 12 months.
The general health status in the surgical arm increased sig-
niWcantly more compared to the observational arm. Despite
improvements in general health in the surgical arm, no sig-
niWcant diVerence in QALY was found at 12 months.
Stroupe et al. [47] calculated cost-eVectiveness of surgi-
cal inguinal hernia repair and watchful waiting. They
assessed that the incremental cost-eVectiveness ratio for
elective hernia repair is US $59,065/QALY. A cost per
QALY of approximately US $50,000 is generally viewed
as a reasonable cutoV for public funding of a medical pro-
cedure [48]. This means that elective hernia repair is hardly
considered a worthwhile procedure, and that conservative
treatment is a responsible approach from the viewpoint of
cost-eVectiveness. The calculations of Stroupe et al. were
done in the United States, meaning that this analysis will be
diVerent for other health care systems and should be con-
sidered on a national level. O’Dwyer et al. [49] reported no
diVerence in QALY for the surgical repair group compared
to watchful waiting group but did report a diVerence in
cost. Results show a diVerence in direct cost of £402 per
patient for the operation group compared to the observation
group at 574 days. Again, these costs were calculated in the
United Kingdom and should be reviewed at a national
level. In summary, surgical repair of an asymptomatic or
minimal symptomatic inguinal hernia can hardly be consid-
ered a worthwhile procedure from the viewpoint of cost-
eVectiveness.
It is estimated that approximately 70,000 hernia repairs
are performed in Canada each year [50]. One-third of
patients that present with a groin hernia is asymptomatic
[38, 51]. This suggests that approximately 23,000 hernia
repairs could be treated conservatively in Canada. Stroupe
et al. [47] assessed the diVerence in costs between watchful
waiting and elective repair to be US $1,831. An amount of
up to US $42,113,000 could be saved annually. Consider-
ing the long waiting lists and the scarce resources in health
care, watchful waiting should be suggested in every low-
risk patient with an asymptomatic groin hernia.
To date, two trials have reported on experience with
watchful waiting in the treatment of asymptomatic or mini-
mal symptomatic inguinal hernias [46, 49]. In both trials,
patients in the watchful waiting group crossed over to the
surgical repair group, mostly due to increase in pain. About
20% of asymptomatic or minimal symptomatic inguinal
hernias will become symptomatic during watchful waiting,
requiring surgical repair. The other 80% of patients with an
asymptomatic or minimal symptomatic inguinal hernia will
remain so. Approximately 1% of these patients will present
with an incarcerated inguinal hernia requiring surgical
repair.
Considering all outcomes, we propose an algorithm to
help physicians assess whether a conservative approach is a
safe approach towards a patient with an asymptomatic or
minimal symptomatic groin hernia (Fig. 1). When a patient
has had an asymptomatic or minimal symptomatic inguinal
hernia for more than 3 months, is younger than 50 years
and has an ASA class of 1 or 2, a conservative treatment is
justiWed. When the inguinal hernia does incarcerate in such
a patient, the hernia can be safely repaired with a tension-
free mesh technique. In patients with an asymptomatic or
minimal symptomatic inguinal hernia for less than
3 months, who are older than 49 years or have an ASA
class of 3 or 4, an elective repair should be recommended.
Patients with a femoral hernia should also be recommended
elective repair. When the groin hernia does incarcerate in
patients that Wt the latter characteristics, it is unclear which
technique should be used in emergency repair. Further
research should be done to evaluate diVerent techniques
and outcomes in emergency hernia repair.
Some additional issues should be considered when
implementing conservative treatment of an asymptomatic
or minimal symptomatic inguinal hernia. Patients need to
be well informed, understand the symptoms of incarcera-
tion and be instructed to come to hospital at the onset of
symptoms. If the physician has the impression that the
patient does not fulWll those requirements, the patient
Fig. 1 Algorithm123
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patients should live within a reasonable distance from a
hospital, considering the signiWcant increase in bowel
resections in incarcerated hernias if duration is more than
12 h. It is therefore important that the patient could reach a
hospital within this timeframe.
Considering the best evidence available, a conservative
treatment for asymptomatic or minimal symptomatic ingui-
nal hernias is a safe and cost-eVective treatment. Patients
with an increased risk of incarceration or with an increased
risk of higher morbidity and mortality after emergency
repair should be excluded from conservative treatment.
Nevertheless, prospective studies are needed to improve
recommendations.
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